. It was suggested that Japanese, categorized as having normal weight (BMI of less than 25.0), as defined by the WHO (2000) , have an increasing tendency toward metabolic syndrome. Our objective was to analyze metabolic syndrome in "Overweight" with BMI of 23.0-24.9 in Japanese workers, and to assess the suitability for Asians of the Regional Office for the Western Pacific Region of WHO criteria pertaining to obesity (WPRO criteria, 2000). We conducted a cross-sectional study in the workplace setting and investigated the relationship between BMI classification based on WPRO criteria and metabolic syndrome by gender and age group (18-44 yr vs. 45-60 yr). Three hundred seventy-nine men and 432 women Japanese workers participated in this study. BMI were categorized as 20% "Overweight" (23.0-24.9 BMI), 20% "Obese I" (25.0-29.9 BMI) and 2% "Obese II" (over 30.0 BMI), based on WPRO criteria. Graded increases in BMI were positively associated with body fat percentage, waist circumference, hip circumference and waist/hip Received April 30, 2003; Accepted Aug 21, 2003 Correspondence to: K. Shiwaku, Department of Environmental and Preventive Medicine, Shimane University School of Medicine, Izumo City, Shimane, Japan ratio in both genders and age groups. A progressively increasing BMI category in the elder group aged 45-60 yr in both genders was positively related with parameters constituting metabolic syndrome. Graded increases in BMI classes in elder workers based on WPRO criteria were positively associated with prevalence of metabolic syndrome, and "Overweight" elder women had significantly higher prevalence of metabolic syndrome. The present investigation, based on the increasing risks of "Overweight" with a BMI of 23.0-24.9, suggests that WPRO criteria are suitable for Japanese workers aged over 45 yr. (J Occup Health 2003; 45: 335-343) 
Clustering of some metabolic abnormalities was recognized earlier as Syndrome X, which was constituted by resistance to insulin-stimulated glucose uptake, glucose intolerance, hyperinsulinemia, hypertriglycedemia, hypo-high-density lipoprotein (HDL)-cholesterolemia and hypertension 1) . This clustering has been labeled as metabolic syndrome (WHO, 1998) 2) . Obesity is an important public health problem in most countries, which is associated with metabolic syndrome 3) . Over-eating and physical inactivity in combination with genetic factors are the major causes for the development of obesity in humans 4, 5) . Although severe obesity is clearly associated with increased mortality and the incidence of cardiovascular disease, type 2 diabetes mellitus (diabetes), stroke, dyslipidemia, osteoarthritis and some cancers, the health consequences of being mildly-to-moderately overweight remain controversial 6) . The International Obesity Task Force of WHO proposed a system of classification based on body mass index (BMI) and selected a BMI of 30.0 as the cut-off point for obesity (WHO criteria) 3) , similar to classifications used in a number of past studies based on mortality and morbidity outcomes in Europe and the U.S.A 7) ( Table 1) . Frequency of obesity, defined by WHO criteria as a BMI over 30.0 is no more than 2-3% in the Japanese population 8, 9) , in contrast to the 10-20% in Europe and the U.S.A. but metabolic syndrome with mildly-to-moderately overweight may be involved in the onset of cardiovascular diseases in Japanese workers 8, [10] [11] [12] . In recent years, accumulating evidence has suggested that the relationship between BMI and body fat deposit differs between ethnic populations 13) . Asian populations have a higher body fat deposit at a lower BMI than Caucasians, but showed an increasing trend toward obesity 13) . It has been recognized that WHO criteria 3) for classifying obesity in adult Caucasians may not be appropriate for Asian populations. The Examination Committee of the Japan Society for the Study of Obesity has proposed new guidelines in 2002 for diagnosing "Obesity Disease" 8) . In these guidelines, obesity is categorized as a BMI over 25.0. The Regional Office for Western Pacific Region of WHO, the International Association for the Study of Obesity and the International Obesity Task Force also proposed a separate classification for obesity in Asia in 2000. This led to the proposal that adult overweight was specified in Asians as a BMI over 23.0, and that obesity was specified as a BMI over 25.0 (WPRO criteria) 13) . Although there have been many investigations into the relationship between BMI and metabolic syndrome in Asians, overweight or obesity includes a BMI over 25.0, based on WHO criteria 3) . A few reports suggest that the cut-off point of BMI for detecting metabolic syndrome is lower than a BMI of 25.0 for Japanese [14] [15] [16] , but the relationship between BMI and adverse health outcomes in Japanese workers is less clear.
We investigated the relationship between BMI classifications and metabolic syndrome, to evaluate the suitability of WPRO criteria for Japanese 13) . We analyzed Japanese workers by gender and age group, because of the differences in the characteristics of obesity and metabolic syndrome by gender 17) and age 18) .
Subjects and Methods

Subjects
The subjects were categorized into the following groups based on WPRO criteria; less than 18.4 BMI as "Underweight", 18.5 to 22.9 BMI as "Normal", 23.0 to 24.9 BMI as "Overweight at risk (Overweight)", 25.0 to 29.9 BMI as "Obese I" and over 30.0 BMI as "Obese II" (Table 1) . A total of 863 Japanese workers aged 18-60 yr (415 men and 448 women), who were not using prescriptions for diabetes, hyperlipidemia or hypertension, participated in regular health check-ups at a manufacturing factory in Izumo City, and manufacturing factories and construction companies in Sada Town, Shimane Prefecture, Japan in 1999-2002. A total of 822 workers (388 men of 46.6 ± 0.4 yr and 434 women of 42.1 ± 0.6 yr) were recruited workers in regular health check-ups at workplaces and voluntarily participated in the present study ( Table 2 ). The overall recovery rate was 95.2% (91.3% in men and 96.4% in women). Seventy-five percentage of workers in Izumo City and Sada Town were engaged in blue-collar jobs.
Workers with loss of any measurements and with a level of serum triglyceride over 400 mg/dl were excluded, 13) .
so that a total of 811 workers (379 men of 46.8 ± 0.4 yr and 432 women of 42.0 ± 0.6 yr) were included in the present study. The ethics committee of Shimane Medical University approved all study protocols, and all the subjects gave written informed consent.
Anthropometric measurements
After an overnight fast, body weight was measured to an accuracy of ± 0.2 kg with a standard scale while dressed in very light clothing, and height was measured to an accuracy of ± 0.5 cm by using a height bar fixed on the wall, with subjects standing with back, buttocks, and heals pressed together against the wall. Bioelectrical impedance analysis was measured with a leg-to-leg version of a bioimpedance analyzer (ModelBF-631, Tanita, Tokyo, Japan). Waist circumference was measured to the nearest 0.1 cm at the narrowest part of the torso as seen from the anterior aspect. Hip circumference was measured to the nearest 0.1 cm at the point of maximum extension of the buttocks. The measurement was repeated for waist and hip circumferences, and a third measurement was made if the difference between the first two readings was more than 0.5 cm. BMI was calculated as weight (kilograms) divided by squared height (meters squared). Blood pressure was measured twice with a standard mercury manometer with the participants seated, and was used for the second measurement.
Blood samples
Venous blood was collected from the antecubital vein after a 12-h overnight fast. Blood samples were separated, and then frozen at -80°C until used in this study, all within a three-month period.
Concentrations of total cholesterol, HDL-cholesterol (HDL-C), triglyceride and glucose were measured with an enzymatic assay kit (Wako Pure Chemical, Osaka, Japan). The level of low-density lipoprotein -cholesterol (LDL-C) was calculated by means of the following formula: total cholesterol (mg/dl) -HDL-C (mg/dl) -triglyceride/5, in the case of less than 400 mg/dl of triglyceride 19) . The concentration of insulin was measured by means of the Insulin-EIA test (Wako Pure Chemical, Osaka, Japan). Homoeostasis model assessment-insulin resistance (HOMA-IR) was calculated by means of the following formula: fasting plasma insulin (µU/ml) × fasting plasma glucose (mg/dl)/405 20) .
Statistical analyses
Analysis of data was done with SPSS statistical analysis software (Version 10.0J, SPSS Inc, Tokyo, Japan). Results were expressed as the mean ± standard error. All analyses were stratified by gender and age. Comparisons between two groups were performed by Student's t test or Welch's test, which were dependent on results of the F-test, to assess differences in anthropometric and metabolic parameters by age or gender. BMI classes were 21) : hypertriglyceridemia, ≥150 mg/dl; low HDL-C, <40 mg/dl; high blood pressure, ≥130/85 mmHg; high fasting glucose, ≥110 mg/dl. A nominal two-sided P value of less than 0.05 was used to assess significance.
Results
The anthropometric and metabolic parameters by gender and age are shown in Table 3 . In anthropometric parameters, men had significantly higher values for height, weight, BMI, waist circumference and waist/hip ratio, but they had a significantly lower value for body fat percentage than women. The elder group aged 45-60 yr of both genders had significantly higher values for BMI, body fat percentage, waist circumference, hip circumference and waist/hip ratio, as indicated by fat deposit in the upper body, compared with the younger group aged 18-44 yr. In metabolic parameters, men had significantly higher values for systolic blood pressure, diastolic blood pressure, total cholesterol, LDL-C, triglyceride, LDL-C/HDL-C, glucose and insulin, and a lower value for HDL-C than women. Aging increased blood pressure, total cholesterol, triglyceride and LDL-C/HDL-C in men, and made blood pressure, all lipid levels and glucose significantly worse in women.
The BMI classes of participants by gender and age are shown in Table 2 . Men and women were categorized 6% and 8% as "Underweight", 41% and 59% as "Normal", 24% and 17% as "Overweight", 26% and 15% as "Obese I", 2% and 2% as "Obese II", respectively, based on WPRO criteria. There was no significant difference in BMI between overall participants in regular health check-ups and subjects in our study. A significant increase in graded BMI with age was observed in men and women. The frequency of "Obese I" in men, and "Overweight" and "Obese I" in women were higher in the elder group, than in the younger group.
The relationships between BMI classes and anthropometric parameters by gender and age group after adjustment for age are shown in Table 4 . Graded increases in BMI in age groups of both genders were positively associated with fat mass, such as the body fat percentage, waist circumference and hip circumference. The waist/ hip ratio increased significantly with progressively increasing BMI, except for "Underweight" men and women aged 18-44 yr. In the "Overweight" (23.0-24.9 BMI) in both age groups, significant increases were observed in the body fat percentage, waist circumference, hip circumference and waist/hip ratio, compared with those of "Normal" (18.5-22.9 BMI) in both genders. Aging increased waist circumference and the waist/hip ratio in "Overweight" women, significantly (93.1 ± 0.6 cm and 0.81 ± 0.01 in the elder group, 70.7 ± 1.0 cm and 0.76 ± 0.01 in the younger group, respectively). The relationships between BMI classes and metabolic parameters constituting metabolic syndrome by gender and age group after adjustment for age are shown in Table  5 . Graded increases in BMI in the younger group were positively associated with the values for systolic and diastolic blood pressure, triglyceride and LDL-C/HDL-C, and were negatively related to values for HDL-C in men, and systolic and diastolic blood pressure, triglyceride and LDL-C/HDL-C in women. In the elder group of both genders, graded increases in BMI were positively associated with the values for systolic and diastolic blood pressure, triglyceride, LDL-C/HDL-C, glucose, insulin and HOMA-IR, and were negatively related to values for HDL-C. "Overweight" in the elder group had significantly higher values for systolic and diastolic blood pressure and glucose in men, significantly higher values for systolic blood pressure, triglyceride, insulin and HOMA-IR, and significantly lower values for HDL-C in women, compared with a BMI of 18.5-22.9. In contrast, the younger group showed significant differences between "Overweight" and "Normal" in HDL-C and triglyceride in men, and in systolic and diastolic blood pressure in women.
The prevalence of metabolic syndrome by gender and age group, based on the BMI classes, are shown in Table  6 . Men had a significantly higher prevalence of metabolic syndrome than women. Aging of both genders also significantly increased the prevalence of metabolic syndrome. Graded increases in BMI in the elder group of both genders were positively associated with the prevalence of metabolic syndrome, and "Overweight" women had a significantly higher prevalence of metabolic syndrome, compared with a BMI of 18.5-22.9. In contrast, the younger group showed no significant prevalence of metabolic syndrome by BMI class.
Discussion
The present study showed fat mass, blood pressure, dyslipidemia and insulin resistance in association with increased BMI in the elder group aged over 45 yr. BMI is the cornerstone of the current classification system for Data are means ± standard errors. P values were calculated by using GLM multivariate analysis for four BMI groups after adjustment for age, then *P<0.016 versus BMI of 18.5-22.9, post hoc analysis with Bonferroni test. ns: nonsignificant (P≥0.05) Insulin (µU/ml) 4.5 ± 1. Data are means ± standard errors. P values were calculated using GLM multivariate analysis for four BMI groups after adjustment for age, then *P<0.016 versus BMI of 18.5-22.9, post hoc analysis using Bonferroni test. ns: nonsignificant (P≥0.05) obesity, and its advantages are widely exploited across disciplines ranging from international investigation to individual patient assessment 6, 22) but obesity should really be defined as an excess accumulation of body fat. BMI measures the relationship between body length and body weight, and indicates the overweight range. BMI generally correlates highly with adiposity over 25.0 in BMI, but it can sometimes misclassify body fat content of a person with a BMI less than 25.0 and aged people 23) . Since the frequency of obesity over 25.0 in BMI was relatively low (28% in men and 17% in women) in our Japanese population, the cut off point for BMI should be defined carefully.
The elder group aged 45-60 yr had a higher frequency of adiposity and dyslipidemia, than the BMI-matched younger group in the present study. Aging is accompanied with a progressive increase in the ratio of fat to lean body mass 6) . This occurs even in individuals who manage to maintain a constant BMI as they become older. These phenomena are accentuated after middle age and during menopause in women 22) . Men had a higher BMI and greater fat deposits in the upper body, and higher risk of metabolic syndrome, than the women in our study. Although it is uncertain why men in industrialized societies have higher rates of cardiovascular diseases than women, differences in dyslipidemia might account for gender differences 17) . The present results indicate that body fat deposit can be an important determinant of gender differences in hypertension, dyslipidemia and insulin resistance. The relationship between BMI and body fat deposit or parameters constituting metabolic syndrome was considered to be gender-and age-specific for Japanese workers.
"Overweight" and "Obesity" had a particularly strong cross-sectional association with systolic and diastolic blood pressure, triglyceride and HOMA-IR in the present study. Recent investigations have shown that metabolic conditions promoting the onset of obesity are characterized by a reduced clearance and higher production rates of very low-density lipoprotein, resulting in a higher plasma level of triglyceride 24) . "Overweight" in women had higher systolic and diastolic blood pressure than "Normal". Adiposity also correlates to hypertension 25) , via renal sympathetic tone 26) and/or components of the renin-angiotensin system produced by the adipocytes 27) . Many investigators reported the HOMA-IR was a sensitive metabolic parameter for overweight and obesity 28) , higher HOMA-IR as an index of insulin resistance was observed in "Overweight" women and "Obese" of both genders aged 45-60 yr in the present study.
WHO initially proposed a definition for metabolic syndrome in 1998 2) . More recently ATP III 21) provided a new working definition of metabolic syndrome. We analyzed metabolic syndrome based on the ATP III definition in the present study, because the WHO definition required an oral glucose tolerance test. The present study showed clearly that aging increased the prevalence of metabolic syndrome, and "Overweight" women had a significantly higher prevalence of metabolic syndrome, compared with a BMI of 18.5-22.9. But, both definitions of metabolic syndrome by ATP III and WHO yielded similar estimates for the American population but masked underlying differences for various populations 29) . Ota et al. (2002) 12) investigated the relationship between BMI and parameters constituting metabolic syndrome in Japanese defined by WHO and showed that "Preobese" with a BMI of 25.0-29.9 was a high risk group for metabolic syndrome. They also suggested a definition of visceral obesity for Japanese as an important issue in the definition of metabolic syndrome.
Although most epidemiological investigations in Europe, the U.S.A. and Asia have clarified significant increases in mortality and the incidence of cancer and cardiovascular diseases in persons with a BMI of 30.0 or greater 3, 6, 7) , the health consequences of being mildly-tomoderately overweight remain controversial. Because most studies in Europe and the U.S.A. have used WHO or NHLBI criteria 7) , these studies have not distinguished "Overweight" from "Normal", as classified by WPRO criteria. Some recent investigations have reported that even mildly-to-moderately overweight as less than a BMI of 25.0 increased mortality and the incidence of cardiovascular diseases and diabetes in the U.S.A. 30) . "Overweight" less than a BMI of 25.0 in Asians, especially Japanese, has been linked to a higher risk of metabolic syndrome [11] [12] [13] , though the validity of this finding remains in dispute 31) , due to divergent results among investigators attributed to the classification of BMI, and differences in ethnicity, gender and age of populations.
Comparisons in anthropometry showed that Asians had more subcutaneous fat than Caucasians, and had different fat distributions from Caucasians 32) . These higher body fat deposits at low BMI levels in Asians can be partly explained by differences in the trunk-to-leg-length ratio, physical activity level and diet 33) . In the Japanese population, BMI increased only slightly in men but decreased slightly in women during the period of 1976-1995 according to national surveys, but the prevalence of diabetes and dyslipidemia were increasing 34) . Therefore, WPRO criteria are useful for identifying "Overweight" Japanese workers who account 20-25% for the Japanese population, and for detecting and preventing metabolic syndrome from the standpoint of health promotion.
Our approach in this study has some limitations. A cross-sectional approach to estimate the relationship of high BMI classes to metabolic syndrome means that we provide no data on causality. Another limitation is the relatively small number of subjects. We minimized the potential for a selection bias by a 95% overall recovery rate for participants from the factory workers in Shimane Prefecture, Japan, and verified no significant differences in BMI classes between participants in regular health check-ups and our subjects. Mean values of 22-23 BMI for the Japanese reported by several population-based investigations in Japan 15, 31) are in line with our results on BMI in the present study.
In conclusion, we report and compare the differences in anthropometric parameters and metabolic syndrome in "Overweight" by gender and age group. Although the proposed WPRO criteria are based on the differences between the body composition of Caucasians and Asians 12) , the universal BMI cut-off points are inappropriate for comparisons of obesity characteristics among Japanese. The present investigation, based on the increasing risks of "Overweight" with a BMI of 23.0-24.9, suggests that WPRO criteria are suitable for Japanese workers aged over 45 yr.
